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In a communication network having a plurality of terminals, 
such as packet forwarding apparatus, and a transport net- 
work which provides a connection between the terminals, 
when the transport network performs a state transition 
associated with a brief disconnection, a brief disconnection 
begin notification signal is sent to a terminal prior to a state 
transition operation and a brief disconnection end notifica- 
tion signal is sent to the terminal after the state transition 
operation. The terminal reroutes communication data to a^ 
storage or a redundant transport routed during the period 
between the receipt of the brief disconnection begin notifi- 
cation and the receipt of the brief disconnection end notifi- 
cation. Accordingly, the communication data loss due to the 
brief disconnection between terminals associated with the 
state transition of the transport network can be reduced or 
eliminated. 

2 Claims, 6 Drawing Sheets 
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PACKET FORWARDING APPARATUS non-received packets and the utilization efficiency of the 

network bandwidth deteriorates. Since resending by the 

BACKGROUND OF THE INVENTION packet forwarding protocol takes time to transmit the control 

v \a f t packet therebetween, failures may sometimes occur for the 

1. Meld ot the Invention 5 whkh requires the rea] . t ime responsibility for trans- 
Thc present invention relates to packet forwarding appa- mining voice data and for the service necessary to keep an 

ratus (equipment) for performing the transmission of tele- order of arrival packets. 

communication traffic packets and further relates to a com- In lhe research levelj there ^ an attempt to perform the 

munication network having a plurality of terminals and a switching disconnection on the packet switched 

transport network for interconnecting the plurality of termi- 10 network. In particular, in an asynchronous transfer mode 

na ^- (ATM) network, there is proposed a method for switching 

2. Description of the Related Art without disconnection in which data are always transmitted 
A packet switching method for controlling the transmis- to pluralities of routes. At the time of switching, a selector 

sion data in packets is broadly employed in data communi- on the receiver side changes the connection destination after 

cation networks or local area networks whose number of 15 the selector on the receiver side synchronizes a signal from 

nodes is large and whose bandwidth necessary for each node the switching source route with a signal from the switching 

varies during a short period of time. This is because the destination route. 

packet switching method can effectively utilize a transport There is a problem with the above proposal in that it is 

bandwidth as compared with a circuit switching method. difficult to perform the synchronization of data coming from 

The circuit switching method is a switching method for 20 pluralities of routes. In order to solve this problem, there is 

controlling the transmission data in units having a multi- proposed a method for the insertion of a cell that is marked, 

plexed and determined transport rate by space division as described in a Japanese laid open patent No. 7-264210, 

multiplexing, time division multiplexing, frequency division and/or for transmitting a dummy cell until when there is no 

multiplexing and code division multiplexing. It is difficult useful information on the both switching source and desti- 

for a network using the packet switching method 25 nation routes, as described in a Japanese laid open patent No. 

(hereinafter, a packet switched network) to always maintain 8-139732. 

a transport bandwidth for a designated route and monitor a The switching without disconnection in the circuit 
transport status as in a network using the circuit switching switched network is studied in the network of SONET/SDH 
method (hereinafter, a circuit switched network) and a delay standard, as described in Kawase et. al, "Hitless Frame 
for every node on a traffic path is large because switching is 30 Switching Scheme for SDH Networks," (The institute of 
performed by the store and forward method. Therefore, in a Electronics, Information and Communication Engineers, 
packet switched network, it is difficult to construct a highly Vol. J78-BI No. 12, pp. 764-772, 1995). Because the net- 
reliable network as compared with a circuit switched net- wor k 0 f SONET/SDH standard is a synchronous network, it 
work. , is necessary to perform accurate control as compared with 

On the other hand, the circuit switching method is always 35 the switching without disconnection in the packet switched 
employed for a backbone network having a relatively small network since the synchronization within a byte must be 
number of nodes and requiring a high reliability. The implemented for matching the signal phase of data coming 
demand of a bandwidth for the backbone network has been from the pluralities of routes at the time of switching, 
increasing these days and a switch having a large switching Although the conventional SONET/SDH method has 
unit capacity is required for the main network. The reason been broadly employed in the backbone network, an instal- 
for that demand is that (1) it is preferable to reduce the lation of an optical switching method for performing the 
number of switches, each of which operates for a high speed switching by using an optical switch to the backbone net- 
recovery from a failure, and (2) it is preferable to minimize work is studied. The optical switching method is by switch- 
the size and cost of the hardware by restricting the number m g with a light without an optical -electrical conversion of 
of the circuits being applied to backbone nodes. the main signal at the time of switching an optical transport 

Most actual large scale datagram networks have a multi- route.' 
layer structure where a packet switched network employs The feature of the optical switching method is that a 
the backbone network as a transport medium. In such a switching unit capacity can be increased as compared with 
communication network, the packet switched network over- 5Q an electrical switching in the SONET/SDH method, 
lays the circuit switched network. The problem with having However, it is difficult for an optical signal to store the data 
the data network overlaying the packet switched network on signal into a storage. Thereby, it is still difficult for an optical 
the circuit switched network is that there is a brief discon- switching network to perform the switching without discon- 
nection caused by an instantaneous cut off through switching nection by using a buffer memory for storing a data signal, 
by the circuit switched network. 55 

In the present packet forwarding protocol, the receipt 

confirmation of a packet is performed by a receiver side that An object of the present invention is to reduce an amount 

transmits a receipt notification message (ACK packet) to a of packet data loss when the state transition or state change 

transmitter side. When the packet is not received, the occur in association with the brief disconnection in the 

receiver side outputs a resending request to the transmitter 6 q circuit switched network (e.g., brief disconnection for the 

side by a non-receipt notification message (NAK packet). recovery from the transport route failure) upon which the 

In the current operated packet switched network, the data packet switched network is overlaid., 

communication service is remedied by the data recovery The packet switched network is configured by connecting 
through the data resending rather than the data switching a plurality of packet forwarding apparatus with a transport 
without data loss. When a circuit having a large capacity 65 link. In the packet switched network overlaying the circuit 
halts the data transmission service temporarily, an enormous switched network, a circuit corresponds to a transport link, 
amount of control packets are generated for resending The packet forwarding apparatus of the present invention is 
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assumed to include a storing means. Although most packet Circuit switching apparatus 10-1 and 10-2 provide both a 
forwarding apparatus include the storing means for perform- port 11-1 connected with routes A or B as a transport route 
ing a switching by a'store-and-forward method, it is pre- between the packet forwarding apparatus 20-1 and 20-2 and 
ferred to add a storing capacity when the storing means does a port 11-2 connected with a redundant route C different 
not have a capacity sufficient for an embodiment of the 5 f rom anv one 0 f the above routes. In the circuit switched 
present invention. It is still preferred to insert or add a network of FIG. 2, at the time of switching the circuit 
storing means into the packet forwarding apparatus for switched network, a brief disconnection begin notification is 
applying the embodiment of the present invention to a transmitted from one of the circuit switching apparatus in 
packet forwarding apparatus not including the storing lhe circuit sw i tc hed network to a packet forwarding appa- 
means. When a circuit connected with the packet forwarding 10 ratus on the transmitter side, a packet forwarding apparatus 
apparatus undergoes a brief disconnection caused by 0 n the receiver side or both of them. When either one of the 
switching, after a packet data transmitted to the circuit only packet f orwar ding apparatus receives the brief disconnec- 
during the period of the brief disconnection is stored into the tion ^gin no tifi cat ion, the packet forwarding apparatus on 
storing means, if a packet transmission to the circuit is the transmitter and receiver sides operate together and 
halted, the data loss on the packet switched network can be 15 switch a port sending an d receiving a packet, which is useful 
avoided. The packet transmission halt is performed by f or tne pac k e t transmission, with a port connected with a 
receiving a brief disconnection begin notification from the redundant route only during the circuit switching operation, 
circuit switched network. When the circuit switched net- 
work is going into the state transition, the brief disconnec- BRIEF DESCRIPTION OF THE DRAWINGS 
tion begin notification is produced by an administrator, an 9n m , „ t . . , „ . 
administration apparatus of the circuit switched network or u ^he embodiments of the present invention are described 
a transport supervisory apparatus and is transmitted to the below m conjunction with the figures, in which: 
packet forwarding apparatus through the supervisory chan- FIG. 1 shows an example block diagram describing a 
nel prepared for each circuit or the supervisory network communication network based upon an embodiment of the 
being prepared. When the period requiring the brief discon- 25 present invention; 

nection has finished, the circuit switched network sends a FIG. 2 shows an example block diagram describing the 

brief disconnection end notification to the packet forwarding communication network based upon the embodiment of the 

apparatus and the packet forwarding apparatus that receives present invention; 

the brief disconnection end notification restarts the data FIG. 3 shows a block diagram describing an example 

transmission stored in the storing means. 30 p ac ket forwarding apparatus based upon the embodiment of 

FIG. 1 shows an example network configuration that the present invention; 

realizes the aforementioned function. The network as in FIG 4 shows a block diagram describing an example 

FIG. 1 has packet forwarding apparatus 20-1 through 20-5 packet f orwar d mg apparatus that functions as a repeater, 

and a circuit switched network for providing a connection based upon the embodiment of the present invention, 

between the packet forwarding apparatus, and the circuit 35 FIG 5 shows a block ^ describing an example 

switched network includes circuit swUching apparato 10-1 forwarding apparatus including a redundant circuit, 

through 10-5 and transport link 30 for connecting between g ^ e * ^iment of the present invention. 

the circuit switching apparatus. When there occurs the r r 

necessity to change a transport route A between packet FIG. 6 shows a block diagram describing an example 

forwarding apparatus 20-1 and 20-2 to a transport route B 40 communication network based upon a second embodiment 

between packet forwarding apparatus 20-1 and 20-3, the °f the present invention. 

circuit switched network sends a brief disconnection begin DESCRIPTION OF THE PREFERRED 

notification to a packet forwarding apparatus 20-1 on the EMBODIMENT 
transmitter side, halts a packet transmission from the packet 

forwarding apparatus 20-1 and performs the switching by 45 A description will be given of the present invention by 

using each circuit switching apparatus. After the switching reference to the accompanying drawings, 

is completed, the circuit switched network sends a brief An example embodiment of the present invention is 

disconnection end notification to the packet forwarding applied to a circuit switched network in which there occurs 

apparatus 20-1 and the transmission of the packet from the a brief disconnection at the time of switching to a commu- 

packet forwarding apparatus 20-1 is restarted. 50 nication network as a transport medium used by a packet 

For another method, at the time of the brief disconnection switched network. When the embodiment of the present 

during the service of the circuit switched network, the invention is applied to the communication network, there is 

service failure in the packet switched network can be the least data loss in the packet switched network and a 

avoided by providing packet forwarding apparatus on the switching of an optical switching network can be performed, 

transmitter side and on the receiver side useful for tempo- 55 The optical switching network sends a brief disconnection 

rarily changing a route of a packet data being transmitted via begin notification to a packet forwarding apparatus in the 

the circuit switched network to a redundant circuit useful for upper level before the switching, sends a brief disconnection 

rerouting. end notification after the switching is completed and when 

FIG. 2 shows an example configuration of the circuit the packet forwarding apparatus stores all of input data 
switched network embodying the aforementioned method. 60 during the period between the receipt of the brief discon- 
The network as in FIG. 2 includes packet forwarding appa- nection begin notification and the receipt of the brief dis- 
ratus 20-1 through 20-5 and a circuit switched network for connection end notification, there is no data loss on the 
providing a connection between the packet forwarding appa- packet switched network or it is difficult to have any data 
ratus and the circuit switched network further includes loss- 
circuit switching apparatus 10-1 through 10-5 and transport 65 FIG. 3 shows an example configuration of a packet 
links 30 for connecting between the circuit switching appa- forwarding apparatus having the above function. The packet 
ratus. forwarding apparatus as in FIG. 3 includes an input interface 
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section 100 for decomposing an input signal into packets, a 300 includes the receiver section 400 and a selector 600 for 
switching section 110 for distributing each packet into a distributing an input signal into each input interface section, 
transport destination and an output interface section 120 for The output interface section 120 includes a transmitter 
transmitting outgoing p acke ts._Th e_ output interface section section 220 and a selector 520 for selecting an output 
120 further includes a sISTiSf&mlfans ¥0filfor storing the 5 destination of a signal from a transmitter section of an output 
packet, a read control section 210 for controlling a read from interface and a redundant signal output interface, 
the storing means 200 and a transmitter section 220 for A redundant signal output interface section 320 includes 
sending a packet data to a circuit switched network which the transmitter section 220 and a selector 530 for selecting 
provides a connection to an output destination. A brief an input signal from each output interface section. A brief 
disconnection begin notification which the circuit switched 10 disconnection begin notification and a brief disconnection 
network sends at the time of halting the connection by the end notification from the circuit switched network are input 
state transition is input to the read control section 210. When to the selector 530 for selecting a sending destination circuit, 
the brief disconnection begin notification is received, the When the selector 530 receives the brief disconnection begin 
read control section 210 stops reading data from the storing notification from any circuit switched network connected 
means 200 and thereafter, data arriving from the switching 15 with any one of the output interface sections 120 in a packet 
section 110 is stored into the storing means 200. A signal of forwarding apparatus, the output interface section 120 and 
the brief disconnection end notification is input as well to the the redundant signal output interface section 320 are con- 
read control section 210 and then, the read control section nected. 

210 restarts a read of data stored in the storing means 200 The circuit switched network provides a connection 
after the receipt of the input. When the storing means 200 20 between the redundant signal output interface section 320 
has a capacity enough to store a packet data that arrives at and a redundant signal input interface section 300 on the 
the output interface section during the period between the receiver side of a packet forwarding apparatus connected 
receipt of the brief disconnection begin notification and the with a receiver side of the circuit switched network. A route 
receipt of the brief disconnection end notification from the switching from the circuit switched network to a redundant 
circuit switched network by the read control section 210, the 2 5 circuit between the redundant signal output interface section 
data loss associated with the temporary halt of the circuit 320 and the redundant signal input interface section 300 
connection can be avoided. Moreover, it is not necessary to does not cause a packet data loss when a packet forwarding 
place the storing means between the switching section and apparatus has a function of the switching without discon- 
the transmitter section as in FIG. 3 and thefstonrTg ' meams nection as indicated in the Japanese laid open patent No. 
may /b^nywhere on the data route Between an optical- 30 7-264210 and the Japanese laid open patent No. 8-139732. 
electrical signal conversion section and an electrical-optical When the selector 530 receives the brief disconnection end 
signal conversion section in the packet forwarding appara- notification, a switching from the redundant circuit between 
tus. When a request signal from the circuit switched network the redundant signal output interface section 320 and the 
is given to a read section of a memory apparatus on the route redundant signal input interface section 300 to the circuit 
through which a packet input to the circuit passes, the same 35 switched network is performed between packet switching 
function as aforementioned may be realized. The embodi- apparatus. Moreover, for realizing the above function, it is 
ment of the present invention may be applied for a packet not necessary to employ a selector distributed to a redundant 
forwarding apparatus not having the switching section as signal output interface and for instance, in a packet forward- 
shown in FIG. 4. In a configuration of FIG. 4, an input ing apparatus where a redundant interface is connected 
interface section and an output interface section are directly 40 directly with a switching section just like the circuit 
connected and a packet forwarding apparatus functions as a switched network, if the switching section has a function of 
repeater not having a switching function. the switching without disconnection, the same switching as 

When the circuit switched network halts its connection, a in FIG. 5 is available, 

packet forwarding apparatus connected with a transmitter The above procedure is based on the circuit switched 

side of the circuit being halted has a redundant signal output 45 network that operates normally. The normal operation means 

interface that does not flow a packet data and a packet that when the circuit switched network is in state transition, 

forwarding apparatus connected with a receiver side of the the switching of the circuit switched network is done in the 

circuit has a redundant signal input interface that does not designated threshold value time. A threshold value time is 

flow a packet data. When the circuit switched network can set for the circuit cut off time not influencing a communi- 

set an unused circuit that connects between the redundant 50 cation service utilizing the packet switched network. This 

signal input interface and the redundant signal output inter- non-influencing time is dependent on QoS (Quality of 

face in packet forwarding apparatus connected with both Service) provided by each service. The QoS is a word that 

transmitter and receiver sides of the circuit, it is possible to indicates a general warrant range, such as a cut off time, a 

avoid or reduce data loss by transmitting a packet data to a baud rate, a packet loss, etc., being set for a service or an 

circuit being a brief disconnection through the unused circuit 55 user. For instance, in hypertext transport protocol (hup) and 

between the redundant signal input/output interfaces. file transfer protocol (ftp) on Transmission Control Protocol 

FIG. 5 shows an example configuration of a packet (hereinafter, TCP)/Internet protocol (hereinafter, IP), an 
forwarding apparatus that realizes the above function. The abnormal transmission is detected by a non-receipt of a 
packet forwarding apparatus as in FIG. 5 includes an input Hello packet. If there occurs no packet loss by applying the 
interface section 100, a redundant signal input interface 60 embodiment of the present invention, the disconnection time 
section 300, a switching section 110, an output interface being a service cut off (disconnection of TCP/IP connection) 
section 120 and a redundant signal output interface section is normally 30 seconds to 3 minutes. In case of the voice 
320. The input interface section 100 includes a receiver speech telephone, a service cut off occurs due to the con- 
section 400 for receiving a signal and decomposing signal nection cut off from 200 ms to 2 seconds depending upon 
into packets and a selector 500 for selecting a signal from the 65 what kind of switching apparatus is used. Where the QoS 
receiver section of an input interface and a redundant signal standardizes a baud rate for these services, if the baud rate 
input interface. The redundant signal input interface section is out of the warranted range even for a shorter time than the 
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above service cut off time, there might have some problems 
to the service. In a real time video signal distribution service, 
a cut off time influencing the service depends on the trans- 
mission protocol being employed or the number of time 
frame being able to store by the buffer capacity on the side 
of receiver. 

When the circuit switching is not performed normally, 
there is no temporarily brief disconnection. In a packet 
forwarding apparatus configured as in FIG. 3, it is not 
preferred to keep rerouting data for the storing means for a 
long period of time because the data rerouting causes an 
abandonment of the packet. Still it is not preferred to possess 
a redundant circuit for a long period of time in the commu- 
nication network as in FIG. 2 because the possession of the 
redundant circuit deteriorates an error durability of the 
network. The above mentioned problem is solved by per- 
forming the halt of rerouting a packet data when a brief 
disconnection end notification signal is not received after 
more than the threshold value time is passed from the receipt 
of a brief disconnection begin notification signal. The packet 
data in which the halt of rerouting is performed is sent to the 
destination node via another route on the packet switched 
network. At this moment, the packet forwarding apparatus 
can notify of other packet forwarding apparatus the restric- 
tion on a packet transmission route occurred through an 
abnormality of the circuit switched network by sending an 
alarm packet useful for informing an unavailability of the 
usage of the connection. Further, when an alarm signal is 
sent from an output interface section connected with a 
circuit other than the circuit being unusable for notifying an 
abnormality of the circuit switched network, the circuit 
switched network can recognize an error even if the cause of 
an abnormal operation is an error which the circuit switched 
network itself can not recognize. 

Through the aforementioned, although the communica- 
tion network in which the packet switched network is 
overlaid onto the circuit switched network is described as a 
typical example, the embodiment of the present invention is 
generally applied for the communication network where the 
communication between the terminal apparatus performing 
a sending/receiving of a signal is performed via a transport 
network including the brief disconnection at the time of the 
state transition operation. 

FIG. 6 shows a configuration diagram of general com- 
munication network where the embodiment of the present 
invention is applied. The communication network as in FIG. 
6 includes terminals with brief data buffering or rerouting 
capability 700-1 to 700-6 and a transport network 800 useful 
for giving a connection between the terminals 700-1 to 
700-6. The connection includes not only a circuit but also a 
virtual circuit in a ATM network and a connection given by 
the packet switched network having a function to guarantee 
the conduction of data route. In FIG. 6, for instance, a 
terminal 700-1 acquires a communication data from the 
terminals 700-2 to 700-6 by inputting a data signal to the 
transport network 800 which sends the communication data 
to the terminals 700-2 to 700-6 and thereafter, by receiving 
the data signal output from the transport network 800. A 
communication between different terminals is available 
when the transport network 800 provides a connection 
between the above terminals. Even a communication 
between terminals not given a connection by the transport 
network 800 is available when other terminals have a 
repeater function of the communication data. . 

For instance, even if there is no connection given to 
terminals 700-1 and 700-2, when there is a connection given 
respectively to terminals 700-1 to 700-3 and to terminals 
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700-3 to 700-2, the transmission of the communication data 
between terminals 700-1 and 700-2 is performed by sending 
a communication data from a terminal 700-1 to a terminal 
700-3 which relays the communication data to a terminal 
700-2. In the aforementioned communication network, 
when the transport network 800 performs the state transition 
operation associated with the brief disconnection, there is 
provided a function useful for sending a brief disconnection 
begin notification to a terminal that transmits a communi- 
cation data via a connection which undergoes the brief 
disconnection and for sending a brief disconnection end 
notification to the same terminal when a connection is 
restarted. Further, when a storing means or a redundant 
connection circuit are used for terminals and there is pro- 
vided a function useful for rerouting a transmitted data for 
the storing means or the redundant connection circuit during 
the brief disconnection, the state transition operation of the 
transport network is available without influencing the com- 
munication between the terminals. 

The embodiment of the present invention provides the 
following effect. In a network where a terminal for perform- 
ing a sending/receiving of a signal employs a transport 
network as a transport medium that includes a brief discon- 
nection at the time of the state transition operation in the 
circuit switched network, with respect to the embodiment of 
the present invention, a communication data loss between 
terminals is avoided by rerouting a communication data for 
the storing means or the redundant connection circuit at the 
time of a predictable state transition of the transport net- 
work. 

However, when there occurs an unpredictable error in the 
circuit switched network, a communication data between 
terminals influenced by the error is lost during the period 
between the occurrence of the error and the receipt of the 
brief disconnection begin notification by the terminal. 
Nevertheless, a data loss after the communication data loss 
due to the error is avoided by activating an error recovery 
protocol of the transport network. 

Accordingly, the reduction of the data loss through the 
state transition in the transport network is achieved. 

Furthermore, the present invention provides communica- 
tion networks and methods defined by the following points: 

1. A communication network having a first packet for- 
warding apparatus, a second packet forwarding apparatus 
and a first transport route and a second transport route 
provided between the first packet forwarding apparatus and 
the second packet forwarding apparatus. Some means is 
provided for receiving from the communication network a 
halt instruction of the transmission of a packet data to the 
first transport route in the first packet forwarding apparatus 
and for halting the transmission of the packet data. 
Additionally, means for performing a change of route so that 
a packet data being transmitted from the first packet for- 
warding apparatus to the second packet forwarding appara- 
tus via the first transport route is transmitted from the first 
packet forwarding apparatus to the second packet forward- 
ing apparatus via the second transport route is also provided. 
A means for releasing the transmission halt of the packet 
data so that the packet data being halted the transmission is 
transferred from the first packet forwarding apparatus to the 
second packet forwarding apparatus via the second transport 
route after the change of route is completed is also provided 
by the present invention. 

2. The communication network of point 1 has a feature in 
which during the period of halting the transmission of a 
packet data, the packet data is stored into a storing means of 
the first packet forwarding apparatus. 
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3. The storing means of point 2 has a storing capacity 
enough to store a packet data being received during the 
period of halting the transmission of the packet data. 

4. A communication network having a first packet for- 
warding apparatus, a second packet forwarding apparatus 5 
and a first transport route, a second transport route and a 
third transport route provided between the first packet for- 
warding apparatus and the second packet forwarding 
apparatus, and means for performing a change of route so 
that a packet data being transmitted from the first packet 10 
forwarding apparatus to the second packet forwarding appa- 
ratus via the first transport route is transmitted from the first 
packet forwarding apparatus to the second packet forward- 
ing apparatus via the second transport route. Also provided 

is means for performing a change of route so that prior to the 
change of route, a packet data being transmitted from the 15 
first packet forwarding apparatus to the second packet 
forwarding apparatus via the first transport route is trans- 
mitted from the first packet forwarding apparatus to the 
second packet forwarding apparatus via the third transport 
route. Additionally, there is provided means for performing 20 
a change of route so that after a change of route is completed 
so that a packet data being transmitted from the first packet 
forwarding apparatus to the second packet forwarding appa- 
ratus via the first transport route is transmitted from the first 
packet forwarding apparatus to the second packet forward- 25 
ing apparatus via the second transport route, a packet data 
being transmitted from the first packet forwarding apparatus 
to the second packet forwarding apparatus via the third 
transport route is transmitted from the first packet forward- 
ing apparatus to the second packet forwarding apparatus via 30 
the second transport route. 

5. The communication networks discussed above in 
points 1-4 are arranged such that a packet switched network 
is overlaid on the circuit switched network. 

6. In the communication networks of points 1-5, when a 
switching by the communication network does not end in the 
threshold value time set for the designated value less than a 
second from the start of the switching, a storing of the packet 
data into a storing means via the first transport route or a ^ 
rerouting of the packet data for a redundant transport route 
are halted. 

7. Furthermore, in the communication networks of points 
1-6 when a switching by the communication network does 
not end in the threshold value time set for the designated 45 
value less than a second from the start of the switching, an 
alarm packet is transmitted to the second transport route. 

8. Also, in the communication networks of points 1-7, 
when a switching by the communication network does not 
end in the threshold value time set for the designated value 50 
less than a second from the start of the switching, an alarm 
signal recognized by the circuit switched network is trans- 
mitted to the second transport route. 

9. The present invention also provides a method for 
switching a communication network, which includes the 55 
steps of: 

preparing the communication network having a first 
packet forwarding apparatus, a second packet forward- 
ing apparatus and a first transport route and a second 
transport route provided between the first packet for- go 
warding apparatus and the second packet forwarding 
apparatus; 

after the first packet forwarding apparatus receives from 
another part of the communication network an instruc- 
tion for halting the transmission of a packet data to the 65 
first transport route, halting the transmission of the 
packet data; 



performing a change of route so that a packet data being 
transmitted from the first packet forwarding apparatus 
to the second packet forwarding apparatus via the first 
transport route is transmitted from the first packet 
forwarding apparatus to the second packet forwarding 
apparatus via the second transport route; and 

after the completion of the change of route, releasing a 
halting of the transmission of the packet data so that the 
packet data being halted the transmission is transmitted 
from the first packet forwarding apparatus to the second 
packet forwarding apparatus via the second transport 
route. 

10. In the method of point 9, the packet data is stored into 
a storing means during the period of halting the transmission 
of the packet data. 

11. The storing means in the method of point 10 has a 
storing capacity enough to store a packet data received 
during the period of halting the transmission of the packet 
data. 

12. The present invention also provides a method for 
switching a communication network comprising the steps 
of: 

preparing the communication network having a first 
packet forwarding apparatus, a second packet forward- 
ing apparatus and a first transport route, a second 
transport route and a third transport route provided 
between the first packet forwarding apparatus and the 
second packet forwarding apparatus; 

performing a change of route so that a packet data being 
transmitted from the first packet forwarding apparatus 
to the second packet forwarding apparatus via the first 
transport route is transmitted from the first packet 
forwarding apparatus to the second packet forwarding 
apparatus via the second transport route; 

prior to the change of route, performing a change of route 
so that a packet data being transmitted from the first 
packet forwarding apparatus to the second packet for- 
warding apparatus via the first transport route is trans- 
mitted from the first packet forwarding apparatus to the 
.second packet forwarding apparatus via the third trans- 
port route; and 

after a change of route is completed so that a packet data 
being transmitted from the first packet forwarding 
apparatus to the second packet forwarding apparatus 
via the first transport route is transmitted from the first 
packet forwarding apparatus to the second packet for- 
warding apparatus via the second transport route, per- 
forming a change of route so that a packet data being 
transmitted from the first packet forwarding apparatus 
to the second packet forwarding apparatus via the third 
transport route is transmitted from the first packet 
forwarding apparatus to the second packet forwarding 
apparatus via the second transport route. 

13. In the above-mentioned methods of points 9-12, the 
communication network is prepared such that a packet 
switched network is overlaid on the circuit switched net- 
work. 

14. The present invention also provides a packet trans- 
mission method comprising the steps of: 

preparing a packet forwarding apparatus useful for trans- 
mitting a packet of an input transmission data; and 

during the period from the receipt of a first signal to the 
receipt of a second signal, having a process useful for 
halting the transmission of a packet data to a first 
transport route. 

15. In the packet transmission method of point 14, the step 
of having receives the first signal and the second signal via 
the first transport route. 
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16. In the packet transmission method of point 14, the first 
and second signals are received from a network control 
apparatus. 

17. In the packet transmission method of points 14-16, 
the packet data is stored into a storing means of the packet 
forwarding apparatus during the period of halting the trans- 
mission of the packet data. 

18. In the packet transmission method of point 17, the 
storing means includes a storing capacity large enough to 
store a packet data received during the period of halting the 
transmission of the packet data. 

19. In the packet transmission method of claims 17 or 18, 
the storing means is prepared on at least one of the data 
transport routes between a switching section and a trans- 
mitter section of the packet forwarding apparatus or between 
an optical-electrical signal conversion section and an 
electrical-optical signal conversion section of the packet 
forwarding apparatus. 

While the present invention has been described above in 
conjunction with the preferred embodiments and the above- 
mentioned points, one of ordinary skill in the art would be 
enabled by this disclosure to make various modifications to 
these embodiments and still be within the scope and spirit of 
the present invention as recited in the appended claims. 

What is claimed is: 

1. A packet forwarding apparatus comprising: 

means for halting the transmission of a packet data to a 
route during a period between receipt of a first signal 
and receipt of a second signal; 

storing means for storing the packet data during the period 
that the transmission of the packet data is halted; 

wherein storing the packet data into the storing means 
through the route is halted when there is no receipt of 
the second signal within a designated amount of time 
from receipt of the first signal; and 

wherein the designated time is one of a time having a 
finite value less than a second, a time being smaller 
than a time difference between a time for receiving the 
first signal and a time when the storing capacity of a 
remaining portion of the storing means by the increase 
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of a storing amount through the storing of the packet 
data becomes zero, a time standardized to be short to 
the extent that a session failure can not be recognized 
when there is a recognition of the session failure in an 
application for utilizing a session on a layer higher than 
a physical layer, a time being less than a time for 
satisfying quality of service (QoS) standardized by an 
application for utilizing a layer higher than the physical 
layer or a time being less than a service non-affecting 
time determined by QoS. 

2. A packet forwarding apparatus for transmitting a packet 
of an input transmission data, comprising: 

means for baiting the transmission of a packet data to a 
route during a period between receipt of a first signal 
and receipt of a second signal; 

means for rerouting a packet data for the route to an 
alternative route during the period of halting the trans- 
mission of the packet data; 

wherein the reroute for the alternative route is halted 
when there is no receipt of the second signal within a 
designated time from a receiving time of the first 
signal; and 

wherein the designated time is either one of a time having 
a finite value less than a second, a time being smaller 
than a time difference between a time for receiving the 
first signal and a time when the storing capacity of a 
remaining portion of the storing means by an increase 
of a storing amount through the storing of the packet 
data becomes zero, a time standardized to be short to 
the extent that a session failure can not be recognized 
when there is a recognition of the session failure in an 
application for utilizing a session on a layer higher than 
a physical layer, a time being less than a time for 
satisfying QoS (quality of service) standardized by an 
application for utilizing a layer higher than the physical 
layer or a time being less than a service non-affecting 
time determined by QoS. 
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